We have observed NGC 5194 (M51a) as part of the CHemical Abundances of Spirals (CHAOS) project. Using the Multi Object Double Spectrographs (MODS) on the Large Binocular Telescope (LBT) we are able to measure one or more of the temperature-sensitive auroral lines
INTRODUCTION
In the present epoch, the majority of current star formation occurs in spiral galaxies. Spiral galaxies thus provide the best laboratories for understanding the star formation process and its effects upon the evolution of a galaxy. In order to understand the chemical evolution and nucleosynthesis that has occurred in spiral galaxies we must first measure the bulk abundance of metals in these galaxies. While seemingly straightforward, it is made challenging by the innate difficulty of measuring the electron temperatures (T e ) of Hii regions which enable a direct determination of gas-phase abundances. This difficulty is particularly noticeable in metal-rich massive spiral galaxies where temperature-sensitive auroral lines are exceptionally weak (Stasińska 2005) .
Notwithstanding the difficulties, metal rich galaxies play a central role in the creation of heavy elements. High quality observations of extragalactic Hii regions located in massive spirals, i.e., metal rich environments, have revealed significant discrepancies between the indirect measures of the gas-phase metallicity and oxygen abundances based on direct measurements of T e (e.g., Kinkel & Rosa 1994; Pilyugin et al. 2010 ). In part, this discrepancy may be attributed to fact that direct abundances have been predominantly observed in metal poor environments where the [O iii] λ4363 auroral line can be more easily detected. This observational bias leads to a less reliable calibration of indirect strong line abundance calibrations as the data in this region of parameter space are sparsely sampled and biased towards lowercroxall.5@osu.edu metallicity regions (Moustakas et al. 2010) .
Furthermore, the paucity of data renders us unable to deduce the detailed chemical structure of massive galaxies. Indeed, sparsely sampled maps of gas-phase abundances are unable to address the amount of dispersion seen in metallicity at a given radius and may give an inaccurate representative abundance at a given radius as their slopes may be predominantly set by one or two Hii regions which act as lever arms (e.g., Bresolin et al. 2004; Berg et al. 2013) .
Given (1) the inherent faintness of the auroral lines necessary to determine an electron temperature, particularly at high metallicities where the far-IR lines begin to dominate the cooling of Hii regions, and (2) the need for large numbers of Hii regions with robust measurements of T e , we have undertaken a large spectroscopic study to definitively measure the CHemical Abundances Of Spirals (CHAOS, see Berg et al. 2014) . While the galaxies selected for this study are well studied galaxies (see Kennicutt et al. 2003 Kennicutt et al. , 2011 , robust, high signal-tonoise spectroscopic observations of Hii regions spanning their disks are still lacking for many (see Moustakas et al. 2010) . In this work we present spectral observations of the nearby spiral NGC 5194 (also known as M51a, the Whirlpool Galaxy).
As a massive interacting spiral galaxy (log(M ⋆ ) ∼10.5, Leroy et al. 2013) , NGC 5194 has numerous Hii regions with a relatively high oxygen abundance (12 + log(O/H) ≈ 8.8, Garnett et al. 2004; Bresolin et al. 2004) . In the expected range of oxygen abundances, the nominal temperature-sensitive line [O iii] λ4363 is not expected to be detected. Instead, the auroral [N ii] λ5755 line which is more accessible in cooler, low-excitation Hii regions can be observed. Garnett et al. (2004) and Bresolin et al. (2004) showed this was indeed the case by detecting the [N ii] λ5755 line in a total of 10 Hii regions in NGC 5194. However, they found a metallicity that was roughly a factor of three smaller than expected, an elevated N/O ratio compared to similar galaxies, and a shallow gradient compared to other large spirals .
Given the implications for abundance gradients and strong-line calibrations, we re-examine this quintessential metal-rich galaxy. In particular we seek to better determine the abundance gradient. The slope found by Bresolin et al. (2004) relies primarily on two lever points: one in the interior of the galaxy (R/R 25 ∼ 0.19 ) and one in the outskirts (R/R 25 ∼ 1.04). Accordingly, we have observed Hii regions in NGC 5194 as part of CHAOS to increase the number of auroral line detections, verify its absolute metallicity and metallicity gradient, and investigate multiple means of determining the electron temperature in metal-rich galaxies. Our observations and and data reduction are described in §2. In §3 we determine electron temperatures and direct gas-phase chemical abundances. We present abundance gradients for O/H and N/O in §4. We discuss these abundance gradients and the implications on chemical evolution in §5. Finally, we summarize our conclusions in §6.
OBSERVATIONS

Optical Spectroscopy
Optical spectra of NGC 5194 were acquired with the Multi-Object Double Spectrographs (MODS, Pogge et al. 2010 ) on the Large Binocular Telescope (LBT) as part of the CHAOS study during April 2012. At the time of the observations, both spectrographs were not available. Thus, we acquired all spectra of NGC 5194 using MODS1. We obtained simultaneous blue and red spectra using the G400L (400 lines mm −1 , R≈1850) and G670L (250 lines mm −1 , R≈2300) gratings, respectively. This setup provided broad spectral coverage extending from 3100 -10,000Å. In order to detect the intrinsically weak auroral lines, i.e., [N ii] λ5755 and [S iii] λ6312, in numerous Hii regions, three fields, each containing ∼20 slits, were targeted with six 1200s exposures, for a total integration time of 2-hours for each field. Given the expected high metallicity of NGC 5194, and hence cool temperatures, we did not expect to detect the [O iii] λ4363 auroral line using these exposure times. Figure 1 shows the locations of slits for each of the three observed MODS fields. Throughout this work, all locations are listed as offsets, in right ascension and declination, from the center of NGC 5194, as listed in Table  1 . Slits were cut to lie close to the median parallactic angle of the observing window in order to minimize light loss due to atmospheric refraction. Our targeted regions (see Table 2 ), as well as alignment stars, were selected based on archival broad-band and Hα imaging from the Hubble Space Telescope 1 . We cut most slits to be 10 ′′ long with a 1 ′′ slit width. Slits were placed on relatively bright Hii regions across the entirety of the disk; this procedure ensured that both radial and azimuthal trends in 1 HST Project 10452, Cycle 13 the abundances could be studied. When extra space between slits was available, slits were extended to make the best use of the available field of view. Line emission was detected in all 61 slits cut in our masks.
For a detailed description of the data reduction procedures we refer the reader to Berg et al. (2014) . Here we will only note the key points of our data processing. Spectra were reduced and analyzed using the Betaversion of the MODS reduction pipeline 2 which runs within the XIDL 3 reduction package. As no sky-only slits were cut in these masks, a two-dimensional sky frame was created by fitting a two-dimensional B-spline to the background sky in the two-dimensional spectra, i.e., each slit Table 1 . Slits targeting Hii regions in which we were able to measure at least one temperature-sensitive auroral line are circumscribed by squares. Note. -Observing logs for H ii regions observed in NGC 5194 using MODS on the LBT on the UT dates of April 29 and 30, 2012. Each field was observed over an integrated exposure time of 1200s on clear nights, with, on average ∼1.
′′ 00 seeing, and airmasses less than 1.5. Slit ID, composed of the galaxy name and the offset in R.A. and Dec., in arcseconds, from the central position listed in Table 1 is listed in Column 1. The right ascension and declination of the individual H II regions are given in units of hours, minutes, and seconds, and degrees, arcminutes, and arcseconds respectively in columns 2 and 3. The de-projected distances of H ii regions from the center of the galaxy in arcseconds, fraction of R25, and in kpc are listed in the Columns 4-6. Columns 7-11 highlight which regions have was fit independently with a local sky. This sky model was compared to the model for the two slits with the largest sections of clean background sky-emission. When oversubtraction of strong lines was un-avoidable using a local sky, the representative sky spectrum was used. One-dimensional spectra were corrected for atmospheric extinction and flux calibrated based on observations of flux standard stars (Bohlin 2010) . At least one flux standard was observed on each night science data were obtained. An example of a flux-calibrated spectrum is shown in Figure 2. 
Spectral Modeling and Line Intensities
We provide detailed descriptions of the adopted continuum modeling and line fitting procedures applied to the CHAOS observations in Berg et al. (2014) . In this paper we will only highlight the fundamental components of this process.
We model the underlying continuum of our MODS1 spectra using the STARLIGHT 4 spectral synthesis code (Cid Fernandes et al. 2005 ) using the models of Bruzual & Charlot (2003) . Allowing for an additional faint nebular continuum we fit each emission line with a Gaussian profile. We note that we have modeled blended lines (H7, H8, and H11 -H14) in the Balmer series based on the measurements of unblended Balmer lines and the tabulated atomic ratios of Hummer & Storey (1987) , assuming Case B recombination. As the [N ii] λ5755 line is vital to this study and lies in the region where the MODS dichroic can distort the shape of the continuum, we measured the flux of this line by hand in each extracted spectrum rather than adopting the automated fit to this line.
We correct the strength of emission features for line-ofsight reddening using the relative intensities of the three strongest Balmer lines (Hα/Hβ, Hα/Hγ, Hβ/Hγ). We report the determined values of c(Hβ) in Table 3 . We do not apply an ad-hoc correction to account for Balmer absorption as the lines were fit simultaneously with the stellar population models.
We report reddening-corrected line intensities measured from Hii regions in the target fields in Table 3 . The uncertainty associated with each measurement is determined from measurements of the spectral variance, extracted from the two-dimensional variance image, uncertainty associated with the flux calibration, Poisson noise in the continuum, read noise, sky noise, flat fielding calibration error, error in continuum placement, and error in the determination of the reddening. We note that at the resolution of MODS, the [O ii] λλ3726; 3729 doublet is blended for all observations, however, the profile is clearly non-Gaussian in the majority of spectra. We have modeled this doublet using two Gaussian profiles, for use primarily as a sanity check of the [S II] density determination. For all calculations aside from this density check, we sum the flux in the [O ii] λλ3726; 3729 doublet. We note that we include a 2% uncertainty based on the precision of the adopted flux calibration standards (Bohlin 2010 , see discussion in Berg et al. 2014 We selected target Hii regions using Hα imaging, which traces ionized gas. However, other objects besides Hii regions can also produce Hα emission. Notably, Maddox et al. (2007) used the Very Large Array to map and measure the spectral index in 107 compact radio sources in NGC 5194. Several radio sources that exhibit a steep spectral index, which is typical of supernovae remnants, lie along the inner spiral arm where some of our targeted Hii regions are found. Thus, to verify that we are measuring lines from photoionized Hii regions, we plot standard diagnostic diagrams in Figure Hii regions from the current study are shown as black points while the density plot and small grey points indicate the locations of star forming galaxies presented in Pilyugin et al. (2012) and star forming SDSS galaxies 5 from the MPA-JHU catalog, respectively, in this diagnostic space. While most of the regions we observed do indeed exhibit the expected properties of both photoionization and the general locus of metal rich galaxies in these diagnostic diagrams, line ratios observed in four regions indicate possible signatures of shock ionization.
Four regions, +2.5+9.5, −6.9+20.8, +30.2+2.2, and +13.3−141.3, have strong very strong [O I] emission that is indicative of the presence of shock excitation causing these regions to deviate from the locus of star forming galaxies. We detect temperature-sensitive auroral lines in two of these regions. This includes our only detections of the [O iii] λ4636 line, which is normally detected in hotter, metal-poor regions. Additionally, we detect WolfRayet features, which are preferentially seen in metal rich regions (Massey & Olsen 2003; Bonanaos et al. 2010) , in one of these regions. These features indicate the presence of a hot component, despite the dominant appearance of low-ionization features in these nebula (e.g., very low [O iii] λ5007/Hβ). In two of these regions, in addition to strong [O I] emission we also detect strong [S ii] and [N ii] emission which is characteristic of supernovae remnants (Skillman 1985) . Given the possible presence of shocks, whether from supernovae or Wolf-Rayet star winds, these regions cannot be interpreted as purely photoionized Hii regions (Binette et al. 2012) . We note that Bresolin & Kennicutt (2002) found that the presence of evolved massive stars does not significantly affect the ionizing radiation field of embedded star clusters. Given that most regions in which we detect Wolf-Rayet features (11 out of 12), do not show signs of shock excitation, the shocks may have an alternate origin, but still indicate extra sources of ionization. We have therefore excluded these four regions from the primary abundance analysis; however, given the relative insensitivity of the N/O ratio to temperature, we include these regions in our analysis of N/O. We report the derived temperatures and abundances for the two shock regions with auroral line detections in Table 4 .
GAS-PHASE ABUNDANCES
Elemental abundances can be determined from emission line spectra given (1) the electron density (n e ), (2) the electron temperature (T e ), and (3) a correction factor for unobserved ionic states. When -Example of a one dimensional spectrum taken from MODS1 observations of NGC 5194. Notable major emission features are marked and labeled. The [N ii] λ5755 line in this spectrum is characterized by a signal-to-noise of ∼12, with a peak that is ∼67 greater than the RMS noise. We have not corrected for major telluric absorption features, which are also marked in the spectrum. -Diagnostic BPT plots composed of star forming SDSS galaxies (density plot), Hii regions from (Pilyugin et al. 2012 ) (grey squares), and regions observed in NGC 5194. The dashed and solid red lines demarcate the boundaries between star forming galaxies and AGN as derived by Kauffmann et al. (2003) and Kewley et al. (2006) . Blue points denote Hii regions that display significant signs of shock ionization, i.e., [O I] λ6300 > 1%, and are not included in the abundance analysis. Uncertainties in the strong line ratios measured from Hii regions in NGC 5194 are roughly the size of the plotted data points when not visible. auroral lines are detected, we follow the methodology of Osterbrock & Ferland (2006) , utilizing the fact that these lines, paired with their stronger ionic counterparts, are very sensitive to electron temperature. If T e cannot be directly calculated then abundances must be derived using less precise indirect methods, wherein measurements of the strong-lines have been calibrated either empirically or via photoionization modeling (e.g., Edmunds & Pagel 1984) . In calculating temperatures and abundances we have adopted the atomic data presented Berg et al. (2014) .
3.1. Direct Abundances We use the [S ii] λ6717/6731 line ratio to determine n e in each region as these lines are both relatively strong and well separated. Most Hii regions in this study, 43 out of 59, have an [S ii] ratio that lies within the low-density regime [I(λ6717)/I(λ6731) > 1.35]. For these regions we adopt an n e of 100 cm −3 . For the remaining 16 regions we calculate electron densities using a five level atom code based on FIVEL (De Robertis et al. 1987 ), see Table 5 . Although these regions have a [S ii] ratio that falls below the selected limit, they are still lie in the low-density regime as the highest density determined is 227 cm −3 . As NGC 5194 is generally metal rich, we do not detect the most common temperature-sensitive line, [O iii] λ4363. While we can place upper limits on the flux of this line, given the strong dependence on temperature in this regime, those limits do not translate into useful limits on gas-phase abundances. Rather, we focus on the [N ii] λ5755 and [S iii] λ6312 auroral lines. We only use the most reliable spectra and require the auroral lines to have an amplitude greater than three times the rms noise measured in the local continuum. We also ensured the presence of a robustly measurable line via visual inspection of the spectra. We represent the temperature structure of an Hii region with a three-zone model wherein each zone is characterized by a different T e . We adopt for the ionization stages represented in each zone: 
We note that the relation derived between T[N ii] and T[O iii] by Pilyugin et al. (2009) is similar to the relation between these two temperatures derived by Garnett (1992) . The selection of one relation or another does not significantly alter our results. Measured temperatures and the adopted temperatures are reported in Table 5 . Table 2 ). Given that these weak doublets both lie on top of stellar absorption features, their fitted line strengths are highly dependent on the model stellar continuum. Furthermore, the [O ii] doublet is complicated by sky-subtraction as it lies just inside the blue-end of strong OH Meinel band emission. Nevertheless, we report temperatures determined from these lines in Table 5 . In general, temperatures derived from the [O ii] lines are consistent with the cool temperatures found using both [N ii] λ5755 and [S iii] λ6312, but do show large scatter, similar to the findings of Kennicutt et al. (2003) . On the other hand, the temperatures we derive using the Garnett (1992) are drawn as a dashed line. Open brown diamonds in the top panel are from Bresolin et al. (2004) line are spread throughout the disk of NGC 5194. There is, however, a clustering of Hii regions at radii of 0.06 < R/R 25 < 0.11 that that all lie on the north-side of the nucleus of NGC 5194. These regions lie interior to all regions where we measured auroral lines, excluding two objects with unusually strong [O I] emission. We combined the one-dimensional spectra from these nine regions to create an average spectrum of these inner Hii regions. Notwithstanding the high signal-to-noise combined spectrum 6 , we only marginally detect [N ii] λ5755 and do not detect [S iii] λ6312. This measurement is complicated by the presence of the stellar bulge of NGC 5194. This old stellar population exhibits an absorption feature underneath [N ii] λ5755. Thus, a direct abundance from this line is strongly coupled to the adopted stellar continuum model. Furthermore, as these Hii regions are quite metal rich, they are consistent with a very cool temperature, T[N II] ≈ 5700 K, where the temperaturesensitive [N ii] ratio, I(λ5755)/[I(λ6548) + I(λ6583)], is sensitive to small changes in temperature. While our direct abundance determination from this composite spectrum is less certain due to the complications in measuring [N ii] λ5755, we include it in our analysis as it provides a constraint on the oxygen abundance in the inner portion of the galaxy.
While emission lines are measured for all dominant ionization states of oxygen, derivation of abundances for other elements requires us to account for the presence of unobserved ionization states. Nitrogen abundances were derived under the assumption N/O = N + /O + ; neon abundances were derived under the assumption Ne/O = Ne ++ /O ++ (Peimbert & Costero 1969) . In the cases of both sulfur and argon, we adopt the analytical ionization correction factors of Thuan et al. (1995) , based on the photoionization modeling of Stasińska (1990) . We report all ionization correction factors and abundance ratios in Table 5 .
Strong-Line Abundances
While the absolute calibration of strong-line abundances are uncertain (Kewley & Ellison 2008) , relative abundances which depend on ionic ratios which are less sensitive to T e can still be robustly determined in Hii regions where the auroral lines are not detected. While a full analysis of all strong line methods will be deferred to a future paper with the full CHAOS dataset 7 , we employ a semi-empirical approach (van Zee et al. 1997) where an electron temperature consistent with an adopted strongline oxygen abundance is used to calculate the relative N/O abundance ratio. We emphasize that this ratio is insensitive to changes in temperature because the temperature sensitivities between N + and O + are very similar. We report the N/O values, and the assumed temperature and density in Table 6 .
Comparison with Previous Work
Previous direct abundances were determined for NGC 5194 by Bresolin et al. (2004) , who detected [N ii] λ5755 in 10 regions, eight of which were included in the Note. -N/O abundances for regions where no auroral lines were measured. This ratio is insensitive to the temperature adopted, nevertheless we report the adopted semi-empirical temperature.
CHAOS masks, using the Low Resolution Imaging Spectrometer on Keck (Oke et al. 1995) . We matched the Hii regions based on Figure 1 of Bresolin et al. (2004) which labels each targeted region on a map of NGC 5194. As we have adopted a slightly different optical radius (∆R 25 = 12 ′′ ) we compared the resulting radial locations in Table 7 . Our deprojection of NGC 5194 yields significantly different radii for two Hii regions, −135.4−181.4 and −86.5−79.4. Given that NGC 5194 has a nearly face-on orientation we visually inspected these locations relative to both our adopted optical R 25 and that of Bresolin et al. (2004) . We find that our adopted radii are consistent with circular apertures scaled by the appropriate radius. Residual differences are easily accounted for by projecting the apertures using an inclination angle of 22
• (see Table 1 ). In general, we find very good agreement between the derived abundances from Bresolin et al. (2004) and those presented in this work. In the N/O and S/O ratios, which are less sensitive to temperature, we find a mean offset of −0.02 dex and 0.06 dex, respectively, both of which are within the scatter of 0.10 dex measured in each of these ratios. Regarding the more temperature sensitive absolute oxygen abundance, on average we find slightly higher abundances (by 0.05 dex) for these common regions. Most abundance discrepancies (6 of 8) are well within the stated 1σ errors and are not significant (< 0.05 dex); of the two regions showing discrepancies greater than 1σ, one is consistent within two standard deviations. In contrast, the earlier photoionization modeling of Diaz et al. (1991) , with whom we have two regions in common, indicated significantly higher oxygen abundances (∼0.5 dex) and correspondingly lower N/O (∼0.3 dex) and S/O (∼0.4 dex) ratios.
In only one Hii region, −159.5-116.4, we do find a significant discrepancy of 0.2 dex. This region is part of an Hii complex in the south-eastern arm of NGC 5194 consisting of three additional Hii regions that were (1) observed by both Bresolin et al. (2004) and this project (+104.1-105.5, +98.1-113.8, and +83.4-133.1) and (2) have significant detections of the [N ii] λ5755 line in both studies. In each these Hii regions, our measured oxygen abundance agrees with the abundance reported in Bresolin et al. (2004) to within 0.03 dex, suggesting that there are not systematic differences in our analysis. We find that these four neighboring Hii regions all have similar chemical composition (i.e., 8.5 <12 + log(O/H) < 8.6) as would be expected for a ISM that is well mixed. In contrast, Bresolin et al. (2004) find an oxygen abundance of 8.40 for -159.5-116.4.
RESULTS
We have calculated the deprojected distance from the galaxy center in units of the isophotal radius, R 25 , using the parameters given in Table 1 . We plot the radial abundance gradient of O/H and N/O in Figure 5 . Our direct abundances span the disk from R/R 25 ∼0.2 to R/R 25 ∼0.8, with a substantial fraction of the data concentrated in the bright star-forming arms at R/R 25 ∼0.4 (17 out of 29). We have also included direct abundances reported by Bresolin et al. (2004) . To be consistent, we have deprojected the distance to each of these Hii regions Note.
-Eight Hii regions are in common between Bresolin et al. (2004) and our new observations. Results from this work are listed above the Bresolin et al. (2004) results for the same Hii region. For each Hii region we give the name used in this paper, NGC 5194 followed by the offset from the galaxy center given in Table 1 and the name adopted by Bresolin et al. (2004) , CCM # or P203. Fluxes are given in units of Hβ = 100.
using the same parameters. We fit an error-weighted linear regression to these trends using the MPFITEX (Williams et al. 2010) 
Dispersions
The regression fits from equations (3) and (5) indicate the central O/H abundance is roughly solar or possibly slightly super-solar by 10 -30%, depending on the adopted solar oxygen abundance (12 + log(O/H) ⊙ = 8. 69 -8.78, Asplund et al. 2009; Ayres et al. 2013) . The gradient hash a relatively shallow gradient with a slope of 0.02 dex/kpc, using only direct abundances, in good agreement with the gradient from Bresolin et al. (2004) (see Figure 5) . Furthermore, given the dense radial coverage and the lack of a break in the N/O radial trend we can rule out the existence of a significantly steeper gradient in the region of the central bulge of NGC 5194.
We find relatively little scatter in the O/H radial abundance trend, 0.066 dex. We allowed the intrinsic scatter to be a free parameter and find a limit of 0.022 dex for the intrinsic scatter in the O/H gradient, suggesting that only ∼30% of the reported scatter could be intrinsic.
Similarly, we find very little scatter about the N/O gradient, 0.083 dex, with the intrinsic scatter limited to 8 MPFITEXY is dependent on the MPFIT package (Markwardt 2009 ). 0.042 dex. As the N/O ratio is both less sensitive to changes T e and has a larger dispersion, we interpret the these data limit the maximum possible azmuthal abundance variations to 0.042 dex which could account for up to half the scatter.
The scatter in the abundance gradient is well below the possible intrinsic scatter reported by Berg et al. (2014) and Rosolowsky & Simon (2008) , who find intrinsic dispersions of 0.13 dex and 0.11 dex in their studies of NGC 628 and M33, respectively. The analysis of Berg et al. (2014) suggest that some of this dispersion may originate from temperature abnormalities that cause the [O iii] λ4363 auroral line to be unreliable. We find it intriguing that the dispersion is not detected in this study where the [O iii] λ4363 is not detected. Indeed, the only two regions where we detect this line are unusual in that the T([O iii]) is quite hot relative to T([N ii]) (see Table 4 ). These regions also show signs of possible shock-ionization, which is one possible mechanism suggested for these temperature abnormalities (Berg et al. 2014; Binette et al. 2012) .
Gradients
Interactions between galaxies can increase radial mixing in the ISM and thus decrease the abundance gradients.
Such shallow gradients were observed in barred galaxies by Martin & Roy (1994) . This was supported by the recent work of Rosa et al. (2014) and Sánchez et al. (2014) who found evidence that merging and interacting systems exhibit shallow gradients compared to isolated spiral galaxies such as NGC 300 (−0.43±0.06 dex/R/R 25 Bresolin et al. 2009a ) and NGC 5457 (M101, −1.02±0.10 dex/R/R 0 Kennicutt et al. 2003) . Compared to these systems, we find NGC 5194 also exhibits a shallow gradient (−0.20 ±0.10 dex/R/R 25 ). This may indeed result from interactions of NGC 5194 with its nearby companion NGC5195 as metal-enriched gas could have been mixed into the Bresolin et al. (2004) . We plot the O/H and N/O abundance gradients we derive from direct abundance determinations as solid lines. We plot Hii regions where auroral lines are not detected on the N/O gradient, as this quantity is relatively insensitive to the electron temperature, to illustrate the extension of this trend toward the inner regions of NGC 5194. We denote the four regions with excessve [O I] emission by blue triangles. We also plot the gradient found by Bresolin et al. (2004) as a dashed line. For presentation, we have slightly shifted the radius of the inner most Hii region from Bresolin et al. (2004) so that it was visible. disk of NGC 5194 during the recent interaction which also served to ignite star formation (e.g., Ellison et a. 2013) . Our derived slope in the O/H gradient of −0.20 dex/(R/R 25 ) falls in the parameter space occupied by interacting systems (Rosa et al. 2014) . One may expect that gas in the outskirts of NGC 5194 would be more significantly affected by dynamical interactions. While we do not detect any flattening of the abundance gradients in the outskirts of the disk of NGC 5194, we do not consider this to be highly constraining as our observations only extend out to R/R 25 ≈ 0.8, well within the optical radius.
Relative abundances and Chemical Evolution
We plot N/O, S/O, Ne/O, and Ar/O as a function of O/H in Figure 6 . The S/O, Ar/O, and Ne/O ratios are consistent with the constant values observed in massive and low mass star-forming galaxies (Croxall et al. 2009; . We note that the most metal rich Hii regions (12 + log(O/H) 8.75) appear to exhibit slightly depressed Ar/O and S/O ratios. Rather than indicating a real change in the relative abundances of these Testor et al. (2003) , and Zurita & Bresolin (2012) ; open brown diamonds are taken from Bresolin et al. (2004) . In the three lower panels, the dashed line in each panel denotes the mean value for our observations of NGC 5194. (Top -Bottom) log (N/O) as a function of oxygen abundance. The solid line designates the theoretical curve of Vila-Costas & Edmunds (1992) , the black dotted line is the empirical linear fit to galaxies from Pilyugin et al. (2010) , the red dot-dash curve is the quadratic fit from Pilyugin et al. (2010) ; log (Ne/O) as a function of oxygen abundance; log (S/O) as a function of oxygen abundance; log (Ar/O) as a function of oxygen abundance.
α-elements, this is most likely a systematic effect caused by complexities of ionization correction factors in low excitation Hii regions (Stasińska et al. 2001 ). This conclusion is strengthened by the fact that we find both (S + + S ++ )/(O + + O ++ ) and (Ar ++ )/(S ++ ) are low in these cool Hii regions. We confirm that the N/O is slightly elevated compared to other metal-rich galaxies, consistent with increased secondary production of nitrogen at higher O/H. This overabundance of nitrogen relative to oxygen has been attributed to differing star formation histories (e.g., Henry et al. 2000) .
Similar to the findings of other studies of spiral galaxies (e.g., Kennicutt et al. 2003) , but in contrast with Bresolin et al. (2004) , we find a steeper gradient in the N/O ratio, with a slope of 0.057 dex/kpc using only direct abundances and 0.05 dex/kpc using all Hii regions. While N/O is higher than the expected theoretical relation of Vila-Costas & Edmunds (1992) , it is consistent with empirical predictions of N/O based on other nearby spiral galaxies, see Figure 6 . This could also be evi-dence of a much steeper rise in N/O as a function of oxygen abundance (Henry et al. 2000) relative to the predictions of Vila-Costas & Edmunds (1992) . Although the observed excess in N/O is occurring at a different metallicity than predicted, this is likely due to the adopted metallicity scale. Indeed, if we adopt calibrations based purely on photoionization models (Kobulnicky & Kewley 2004) , rather than direct temperatures, we obtain higher oxygen abundances (<12 + log(O/H) KK04 > = 9.17), with a more compressed scale similar to what is seen by Henry et al. (2000) .
Another possibility is that massive Wolf-Rayet stars have selectively enhanced the nitrogen present in the ISM of NGC 5194 (Kobulnicky et al. 1997) . In Table 2 , we note regions where in the broad Wolf-Rayet features located near λ4660Å have been detected. Although significant detections of these broad features are noted in only 12 apertures, hints of these features appear in several additional apertures. This indicates the presence of large numbers of these objects, even if only in small numbers, typically 1-2, for a given Hii region (Schaerer & Vacca 1998) . Regardless of the mechanism, it is clear that secondary production of nitrogen is dominant in NGC 5194 as the average N/O ratio is larger than the nominal value of primary production (log(N/O) ∼ −1.5) by a factor of 7.5.
Our measurements of the S/O ratio do not yield a significant gradient. However, Diaz et al. (1991) found evidence for a central depression in the S/O ratio in NGC 5194. While the innermost Hii regions exhibit somewhat depressed S/O (see Figure 6 ), this is likely a result of underestimating the ionization correction factor for sulfur due to the break down of the assumed temperature structure in these very low ionization nebula. Even though the N/O ratio is insensitive to changes in temperature, the same is not necessarily true of S/O ratio with relies upon an ionization correction factor that depends on O + /O (Garnett 1989) . Indeed, comparing the ion ratio (S + + S ++ )/(O + + O ++ ) to the ionization correction factor indicates that these cool regions have significantly underestimated the necessary correction factor as most of the power in [S iii] and [O iii] lines has shifted to the infrared where lines are (a) not measured and (b) insensitive to temperature (Croxall et al. 2012) . Furthermore, the N/O and O/H gradients do not exhibit a similar central depression.
CONCLUSIONS
To gain a greater understanding of the chemical composition of spirals we have undertaken CHAOS, a spectroscopic study of several of the best studied nearby spiral galaxies. Here we present data on one of these galaxies, NGC 5194, for which we have obtained high signalto-noise spectra for 59 Hii complexes. Out of these, 28 distinct Hii regions have detections of the temperaturesensitive auroral lines [N ii] λ5755 or [S iii] λ6312, permitting the derivation of a direct oxygen abundance. Using semi-empirical methods, we determine N/O ratios for all 59 regions.
We confirm the findings of Bresolin et al. (2004) that NGC 5194 has a roughly solar metallicity and a relatively flat metallicity gradient. We present a robust metallicity gradient with relatively small scatter between 0.06 < R/R 25 < 0.11. As temperature-sensitive lines are not detected in the innermost part of NGC 5194, we co-add spectra and measure a direct oxygen abundance to confirm the adopted linear abundance gradient.
We also establish a robust gradient in the N/O ratio that is significantly steeper than the gradient in O/H. This points to significantly enhanced secondary nitrogen production, ∼7.5 times more than primary nitrogen production. In contrast we find no significant changes in Ne/O, Ar/O, nor S/O across the disk of NGC 5194, or even in comparison to metal poor dwarf galaxies (Croxall et al. 2009 ). Rather, line ratios suggest that the ionization correction factors typically employed for S and Ar may become unreliable at very cool, T∼4500 K, temperatures.
As spiral galaxies are dominant sites of star formation in the Universe, significant effort has been given to understanding them and their evolution. One major aspect of that evolutionary process is the chemical evolution that occurs in the interstellar medium of these galaxies. However, most of our knowledge of the chemical make up of massive galaxies can be summarily stated as metallicity correlates with mass (Tremonti et al. 2004 ) and spiral galaxies exhibit radial gradients (Pagel & Edmunds 1981) . While this description of present day spiral galaxies is secure, it is only a first-order description of chemical evolution. In order to understand the evolution of galaxies we must obtain a more complete understanding of chemical enrichment. Here we highlight the data being collected by the CHAOS study for NGC 5194. With similar high quality spectra forthcoming for the rest of the sample, we will be able to establish detailed chemical abundance patterns for several nearby galaxies and greatly improve our understanding of chemical enrichment.
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